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DESIGN
Component Group: Dxidizar Turbopumps Preparad; Q. Abesamis
ClLitem: Beoo-p3 Approvag: T. Npuyen
Lomponent: Low Presaure Dxidizer Turbopump Approval Date:  E7mg
Fart Humbar: RSGOTEDT Change #: F
fallure Mada: Fallure 1o trang mit torque. DiracHve §: CCAD ME3-01-5214

Pagsa: 1ol 1

Dasign ¢ Documenl Aeferance

FAILURE CAUSE.  A: Spline fallure betwaen inducer and rotor.
B: Rolor fallura.

FORGINGS, A ROTOR AND AH END CAP, WHICH ARE (CLASS ) WELDED TOGETHER TO FORM A RIGID STRUCTURE. THE ROTDR FORTING SRAIN FLOWY IS5 SPECIFIED TQ MAXIMIZE
MATERIAL PROPERTIES (1). K-MOMEL VihS SELECTED FOR TS TENSILE STRENGTH, CORROSION RESISTANGE, TOUGHNESS, AND DUCTILITY AT CRYOQENIC TEMPERATURES {3).
THE ROTOR AND INDUGER ARE SCLUTIGN HEAT TREATED AND ABE-HARDENED (1) {2). CHROME PLATING AND DRY-FILM LUBRICATION ARE UTILIZED AT THE INDUCER FILOT AMD
BEARING JGURNALS OF THE RCTOR (1) TQ MINIMIZE FRICTION AND FRETTING POTENTIALS, THE STATOR YANE (4] AND ROTOR TURBINE BLADE LANDS {1) ARE $ILVER PLATED
FOR ENHANGED THERNMAL CONDUCTIVITY AND IGNITION RESISTANCE. THE INGUCER HAS COMPLETED DESIGN VERIFICATION TESTING FOR BLADE MATURAL FREQUENCY {5).

117 R30DTADS, (2 RSQCFA12Z; (1) RES-ASTH-T; (4) RSOOTACE, {5} REG-404-1
FAILURE CAUSE: C: Logs of Inducer ratainer nifl preload dua 1o nut failura, lock fadlure, or wibeatlon.

THE INOUGER, NUT (1) ENGAGES WITH THREADS 0N THE RITOR (2] TO RETAIN THE INDUCER TO THE ROTOR. THE NUT 18 PRELOADED AT ASSEMBLY AND & CUPWASHER LOCK 3}
1% SECURELDR AGAINET THE NUT AND INDUCER TO PREVENT NUT DISENOAGEMENT FROM THE ROTOR. DRY-FILM LUBRICANT 15 APPLIED TO THE ROTOR AMD NUT THREADS TQ
AEDUCE FRICTION AND ALLOW EQUAL LDADR ARPLICATION TO THE THREADED SUREACES CURMNG ASSEMELY (1) (2). THE NUT IS MANUFACTURED UTILIZIMNG HEAT TREATED #-285
CRES, WHICH WaAS SELECTED FOR ITS TENSILE STRENGTH, DUCTILITY, AND TOUGHMNESS AT CRYOCENIC TEMPERATURES {4). THE CUPWASHER LOCK IS MANUFACTLRED
UTILIZING AMNEALED 202 CRES, WHICH WAS SELECTED FOR ITS STRENGTH AND DUCTILITY IN BENDING APPLICATIONS (4}, THE ALLOYS ARE RESISTANT T5 CORROSICN AHD
GTRESS CORRUSION GRACKING [4]. ASSEMBLY PROCEDURES FOR LOCKING DEVICES ENSURE DEFECT-FREE INSTALLATION (5). COMPONENT DYMAMM BALANCE
REQUIREMENTS FOR THE ROTOR (2) AND INDUCER (8] MIMIMIZES SYRGHRONGUS LOADS AT THE LOCK INTERFACES. YEHICLE CLEAMLINESS REQUIREMENTS MINIMIZES DAMAGE
FUTENTIAL FROM CONTAMINATION IMPAGT [T}, THE NUT AND LOCK HAVE PEEN ASSESSED TO HAVE INFINITE LIFE (B) AND ARE NDT TRACKED BY SERIALIZATION.

{13 RS007920: (2} RSODTAGS; {3) RS00703D; {4) RES-8570-0; (5) RLO1 323; {5} REDOTATE; {77 KOO 13M15000; {8} RLODS32, CRAZORGIOIRA
FAILURE CAUSE: ALL CAUSES

K-FAONEL, A-205 CRES AND 302 CRES SATISFY LOX COMPATIBILITY REQUIREMENTS (1}, THE HIGH C'YCLE AND LOW CYGLE FATIGUE LIEE OF THE ROTOR, INDUCER, NUT, AND LOCK
MEET CEI REQUIREMENTS (2). THE MINIMUM FACTORS OF SAFETY FOR THESE PARTS MEET GEI REQUIREMENTS (3). THE ROTOR, INDUCER AND [NDUCER HUT PARENT
MATERIALS WERE CLEARED FOR FRACTURE MECHANICS/NDE FLAW GROWTH SINCE THEY CONTAIN NO FRAGTURE CRITICAL PARTS (4. THE FMEA/CIE WELDS ARE CLEARED FOR
FRAGTURE MECHANICSINDE FLAW GROWTH BY THE WELD ASSESSMENT (5). TABLE BACD LISTS ALL FMEA/CIL WELDS AMD IDENTIFIES THOSE WELDS IN WHICH THE CRITICAL
INITIAL FLAW SIZE 5 NOT DETECTABLE AND THOSE WELDS IM WHICH THE ROOT SIDE 15 NOT ACCESSIBLE FOR INSEECTION. THOSE WELDS IN WHICH THE CRITICAL INMHIAL FLAW
1ZE 18 NOT BETECTABLE AR ACCEPTABLE FOR FLIGHT BY RISK ASSESSMENT (5). REUSE COF PARTS DURING OVERHAIN, ARE CONTROLLED BY THE REQUIREMENTS OF THE
OVERHAUL SPECIFICATION (B).

(1} RE5-8570-9; (2] ALOASS], CRI20R000IE; (1) ASS-B548-16, GRIZ0ADI0IE, [4) MASA TASK 1 17; (8 RSS-ATSE; (&) PLDF 210
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INSPECTION AnD TEST

Componsnt Sroup: Ol [zer Turbopumpa Prepared; C. Abssamis
CIL Item: Ba00-03 Appravad: T. Nguyan
Coemponant: Lew Prassura Oxldlzer Turbepump Approval Data: BIYe
Farl Nubar: RSOOTEDT Change §: Z
Falivre Moda: Fallure 1o tranamit 1orgque. Divactiva #; coBk ME3-0T-524
Pagpe: 1af 2
Failure Calsay Slgrnificant Characteristics Inspeclian(s) [ Test(x) Docurmenl Rakarenca
AR ROTOR ASSEMBLY ' RSOO7E0S
INDLCER REAGTEIZ
MATERIAL INTEGRITY MATERIAL INTEGRITY IS YERIFIEL PER SPECIFICATION AND DRAWING REQUIREMEMNTS, REO170-051
RS007E0S
REAOFEL2
ROTOR AMD INOUCER ARE FEMETRANT |MSPFECTED PER SPECIFICATION REQUIREMENTS. RAG115-118
ROTOR 15 ULTRASONIC INSPECTED AFTER WELDMG PER: SPFECIFICATIOM REQUIRENMEMTS. RAD115-042
(v 1] HEAT TREAT HEAT TREAT {§ VERIFIED PER SPECIFICATION REQUIREMENTS. RALBY-020
n
ﬁ WELD INTEGRITY ALl WELDS ARE INSPECTED TO DRAWING AND SPECIFICATION REQVUIREMENMTS PER WELD CLASS  RLIGONH
HEPECTIONS MCLUDE: WISUAL, DIMENSIONSL, PENETRANT, RADIOGRAPHIC, ULTRASOMNIC, AN RAIENP-0F1
FILLER MATERIAL, AS APPLICABELE, RAT{1E-118
RAD115-006
R 115001
RAQTIEART
ZURFACE FINISH AOTOR CHROME AN ZILVER PLATING ARE YERIFIED FER SPECIFICATION REQUIREMEMTS, FAIE00-01 1
Fa, 1600002
ROTOR DRY-FILM LUBRICATION |15 VERIFIED PER DRAWING AND SPECIFICATION REQUIREMENTS,  R500785
RADI12-003
ASEEMBLY INTEGRITY ROTORIMDUCER MATIHNG S5PLINES ARE IMSFECTED DURING MANUFACTURING AY GAGE AR BY REDOTAGS
MEASUREMENT FER DRAWANG ARD SPECFICATION REQUIREMENTS. R5007812
RAD115-143
ROTOR AND MOUCER BALANMCE ARE VERFIED FER DRAWNG REQUIREMENTS, REMTECS

RSMTE12



Component Group; Qxldlzer Turhopumps Prapared: . AbeBamia
CIL llem: EER01.03 Approved: T. Hguyen
“omponant: Law Prassura Oxldizer Turbopump Approval Date: ajzan
Part Humbar; REBOTAOT Changa #; 2
Failurs Node: Fallurp ta trapamit 1orgua. Direcilve #: CCBD MEY-M-521a
Papa: 22f 2
Falkira Cavaes Slgnificant Charecteratk:s kapactionis) ; Tasla) Docorment Relarenes
C MUT REAd7e2g
HUT LOCHK R5007830
MATERIAL INTEGRITY MATERIAL INTEGRITY |5 VERIFIED RER CRAVWING REQINREMENTS,
HEAT TREAT MUT HEAT TREAT IS VERIFIED PER DRAWING REGUIREMENTS, RSUOTA28
MUT LOCK ANMEALING {5 VERIFIED FER DRAVING REOUREMENTS. REOOTHIG
SURFACE FINISH NUT DRY-FILM LUBRICATION AND BURKISH ARE VERIFIED PER SPECIFICATION REQUIREMENTS. RAQT12.000
RAQH2-007
ASSEMBLY INTEGRITY WUT INSTALLATION AND TDROUE ARE VERIFIED PER DRAWING AMD SPECIFICATION RE0a780Y
REGHAREMENTS. RLO1323
MUT LOCK DEFORMATION |5 YERIFIED PER DRAWING AMD SPECIFICATION REQUIREMENTS.
ALL CAUSES LPaTP RSOOTET
ASSEMBLY INTEGRITY THE PUMP SUBASSEMELIES ARE IHSPECTED OURING CYERHALL FER SPEGIFICATION AL 213
RECUIREMENTS. ’ AADI15-118
IMSPECTIONS INCLUDE: VISUAL DRAENSIONAL FENETRANT. AND R EPLACEMENT OF USARE
m ITEMS AS APPLICABLE, PER OVERHALIL BRECIFICATION.
! GPERATIONPERFORMANCE IS VERIFIED BY ENGIME HOT FIRE TESTING AND ZMDE & M TESTSON  RLIMOS0-04
& SPECTIONS, RLANDGE-CE
Eﬁ RLODOSE-G7
RLOD51
TCRQUE CHECKS ARE PERFORMED PRKCR TO EACH FLIGHT. OMRSD Y41B50.030
EHAFT TRAVEL IS PERFORKED FRICR TS EACH FLIGHT [PHASE I AND BLOICK 1. OMASD Va1a50.032
SHAFT TRAVEL IS PERFORMED FRIOR TO AND AFTER ACCEPTANCE TESTING AND EVERY 10 QMESD Va1 B50.033
STARTS THEREAF TER (BLOCK, Il AND HAJ
CATA FROWM THE PREVMIUS FLIGHT OR HOT FIRE |5 REVIEWED FOR PROPER TURBQPUMP MSFG FLN 1223
OPERATIONPERFORMAMCE. {AST TEST)
Fallurm Histary: Comprehensive feilurs hinlony data iy mainlainad in the Probiem Reporting database (FRAMS/PRACA)
Relerance: NASA latter 542 1/88/308 and Rocketdyne leter A8RC0O7E],
Uperatlina Ues: Mot Applicable.
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Companent Group: Oxidizer TUrBopumps Praparad: G, Abesamis
CIL Ham: Baoo : Approved: T. Hguyen
Camponent: Low Praasure Oxldizet Tisbopump Appraval Date: LT
Part Kumber; REQDTAD Changs ¥: 2
Diractive #: CCBD MELO1-BI14
Page: 1of t
Critieal Inttial
' Faosl  Flaw Size Mol
Side Mol  Delectsble
C-amponert Baszic Part Nurnber Vilald Mumber Wedd Type  Class Aocesd HGF LGF Comments
ROTOR RSQITACS 1PLCIORT) GTAW |
ROTOR RSI07I0E 1FLEOPTY  EBW |
NOZZILE RSGoTath 1PLC EEW |
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FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Coomn panen? Group: Oxbdizer T .
[tem ?'Iame: i Low FressL:lTrtl;ug:Ir:ri}II;:r Turbopump ::;:l:ad:;: $ ::..:::Ts
e e el
Directiva #: CCBD MEJ.11-5214
Page: 1af 3
Baza Lina Rallohak Variance . Chanys Retienale Vatanl Dash Mumber
1. BA0Q-06, BEM]-0B EEARINGS BEARINGS ARE PROCESSED AND  LONG IERM FATIGUE LIFE OF AFARINGS 12 EXTEMDED BY BEDUCIMG THE 014, 121, 631, -

ARE PROCESSED AND
INSPECTED PER SPECIFICATION
RECQUIREMENTS (RLODIG). (ECP
00m)

2. BROG-D - GAUSE C ¢ BBOD-03
CAUZEE

THE SUPPORT IS PILOTED RY
THE GEFLECTOR. WHICH IN
TURM 1S FILOTED BY THE

M ZLE.

3 BBGD-04 CALISE A

THE IMDLKCER S REDESIGMNED
FORIEE WAITH THE LARGE
THROAT MCC, THE NEW
CESIGN DEMONETRATED
INCHEASEL FUMP CAPABILITIES
AT HIGHER FLOW!SPEED WITH
ACCEPTABLE INCREASE IM HEA(
OUTPUT.

INSFECTED PER SPECIFICATION
REQUIRENMENTS [RLOOSES).

THE SEAL IS PILOTED BY THE
EUPPORT _
THE SUFPORT |3 PILOTED BY
THE HOZ2L.E.

THE INDUCER 15 DESIGMED FOR
PHASE I BLOCK | OPERATIMG
COROITIONS

4. BBOI-06 -CAUSED, H

THE BERRING OLITER RACE 15
SECURED BY & TWO FIECE
BEARING JUFPFORT. THE
SUPPORT FEATURES A STHFF
INTEGRAL THRUET SHULDER
DCSIGHED TG REACT TO
BEARING THRUST LOADS.

S, RANO-0F - CAUSE R ¢ RAM.DB -

CALUSE |

BALLS ARE MACE FROM SILICON
HITRIDE. WHICH WILL ELIMINATE
WIEAR.

THE ATER RACE NUT SECURES
THE FUMP END BEARING OUTER
RACE T THE SUFFCRT.
PRELOAD SUPPLIED BY THE
OUTER RACE NUT REDUCES
POTENTIAL FOR FRETTING QR

GALL MG

THE BALLS AMD RAGES OF THE
BEARIMGE ARE NANUFACTHRED
LUTILIZING 4402 CRES

ALLOWABLE SIZE AKD QUANTITY OF ALLOWWABLE DEFECTS.

USE A% 1S RATIOMALE:

1. THE HiGH CYCLE AND LOW CYCLE FATIGUE LIFE CIF BEARINGS
PROCESSED PER RLO0SSA MECT £E| REQUIREMENTS,

2. THE MIMILILIM FACTORS OF SAFETY FOR BEARIMGS PROCESSED PER
RLOAS58 MEET CEI REQUIRENMEMNTS (R55-1546-15).

07, OBY 091, 104, -
111, 1412151, 161, -
181

THE PHASE M SILVER SEAL IS DESIGNED TO &E FILCTED BY THE OME FIEGE
BEARING SUPPORT.

THE PHASE [l PESIGN ADEGUATELY CONTROLS THE STACIK.UP OF THE
STATIONARY HARDWARE TO PREVENT MOTICN BETWEEN MATING FARTS,

THE PHIASE I IMDIMCER WAS CESIGNED FOR QFERATION WATH THE
STANMDARD THROAT ENGIME.

THE PHASE 1 DESIGN USING A HUT TO RETAIN THE QUTER RACE PROVWIDES
ADEQUATE CLAMPING AMND AL IGHRIENT

THE 4400 BALLS |M THE FHASE || DESIGH ARE CONMTROI 1 £ FOR WEAR AND
SrALLING BY OMRS0 AND DAR 7580

REO0TR10.021
R Sa07a01-191,
2N

R3I07A12-005
R5I07A01-20
-149

R300Ta14-015

RE00TE25-207

R EODTHME-003

RSI07am-201
1ot

RS007E31-051, 181
RSOGTEN1-201
191
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Ilem Hamu L0w Presaure Oxldizar Turbaplmp
llam Murmnber: Badd

Part Number: RSaLTH0

Preparad:
Appraved:

Approval Date:

Change §:
Directive ¥

Fage:

G, Atosar
T. Hjuya: -
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1

CCRD ME3-.01.5214
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Hase Line Rationale Varanes

Changs Rathanala

Warenl Dash Mumber

€ B200.01 - CALUSE ASB, BO0OC.02,
CAUSE A-D, BEM-0B CALSE O
LFOTF NOZI ES ARE LIFE
LIMITED FER DEVIATION DAR
2956

7. BHO0O-IN - CASE M

THE SHIM AMD SFREG ARE
MANUFACTURED UTILIZING
IHCOLOY 803, WHICH Was
SELECTED FOR CRYOGENIC
MECHANICAL PROFERTIES,

LFOTP WOZZLES ARE LIFE
LIMITED PER DEVIATION D4R
<142

BEM0A - CALISE K

THE SHIMS \WERE
MANUFACTURED UTILLANG
HICHEL 200,

BROD-0O - CAUSE D

THE PUMP END BEARING CUTER
RACE 15 PILOTED BY THE
SFPORT ANMD 15 RETAINED,
ALONHG WITH A SHIM, BY THE
OUTER RACE MUT.

THE FULHE EHND REARING DUTER
RACE 1§ PILDTED BY THE
SUPPORT AHND 1S RETAIMED,
TIGHT AGANGT THE SUPPORT
SHOULBER ALONG WITH SHIMS
AND SPRING, 4WD 15 SECURED
IN PLACE BY THE DEFLECTOR.

8. Baco.-0% THROUSH BROG-02
THE PUMF SUBASSEMBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQLIREMEMTS RLO1213

THE PUMFP 5UJBASZEMEBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQUIREMENTS RLODATS

PHASE Il LPOTP NOZ2ZLES ARE LIFE LIMITED PER DEVIATION DAR 2742

THE FHASE Il DESIGM SHiki MATER AL, MICKEL 200, PROVIDES ADEDUATE
FROPERTIES FOR TS FLUMNCTION.

THE PHASE H DESIGN LGING A MUT TO RETAIN THE GUTER RACE PROMIDES
ADEQUATE CLAMPING AND ALIGNMEMT.

THE RLOOATIWAS SEPECIFICALLY WRITTEN FOR THE PHASE 1 DESKZH

4. BBgU-02 THROUGH BET0-Da
AND BEM-06 THROUWGH BEX] -0
ASSEMELY INTEGRITY 15
YERIFIED FER DRAWIMG AND

ASSEMELY INTEGRITY 15
WERIFIED PER DRAWING AND
SPECIFICATION RECUIREMENTS

SPECIFICATION REQUIREMENTS  RLOODAE.

RLO1323

10. BEOO-34 FAILLURE CAUSE A -

AND B HET ROSITIVE SUCTION

HET POSITIVE SLUCTION PRESSURE REQUIREMENTS
PRESSURE REQUIREMENTS WERE SATISFIED OVER THE
WERE SATISFIED OVER THE ENTIRE OPERATING RANGE BY

DESIGN VERIFICATION TESTING
CvE-5EME-401B :

ENTIRE QPERATING RAMGE BY
DESIGN VERIFICATION TESTING
YRS 0553

THE RLOGAGDE WitAS SPECIFICALLY WRITTEN FOR THE PHASE || DESIGN

THE DVE SEME 4018 WAS SPECTFICALLY WRITTEM FOR THE FHASE 1l CESIGH

R E0OTa1n02

RIJ07a17
ASA07A01-201
-1

REI0TA0T-191,-2G1

R5a0Fea1-191,-201

RS3073a1-191 201
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Lamrponanl Grovp: Qxidizer Turbopumps Freparod: C_Ahagamin

lterm Marme: Low Frasaure Oxidlzer Turbopump A N
ltem Homhbar: BADO A:E::::::Iﬁate ;ﬁrfg;ﬂm
Parl Number; RSODTEOT . Change é: ) 1
Diractiva A: CCHD ME3- 1 -B214
Page: 3of 3
Base Ling Rallonake Varlance Ghange Ratonale Yarlanl Crash Mumber
11, BEQOH - CALUSE G .
WENT HOLES DESIGNED INTO WENT HOLES DESKGNED INTG PH4SE Il DESIGM ADEQUATELY PREVENTS PRESSURE BUILD UP RSO07816-009
THE SEAL RING STRUCTLURE ~ THE SUPPDRART STRUCTURE RS007AM-201
PREVENT FRESSURE BUILDUP ~ PREVENT PRESSLIRE BLILDUP ! 101
AND DISTORTIGM OF THE SEAL AND DISTORTION OF THE SEAL
RIMG OWTO TIE LABYRINTH RIMNG QNTO THE LABYRINTH

GEAL, SEAL.




